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Abstract 

A design concept is outlined in this report that utilizes only steady flow Flibe jets, with 
no moving parts inside the vessel. This design for liquid wall shielding is less complex 
than our present oscillating flow baseline design. The design avoids the wear and 
mechanical complexity of moving nozzles or deflectors inside the reactor vessel. Also 
the attaining of well defined liquid boundaries is less difficult than for the oscillating 
“slab” flow. 

Introduction 

The design is illustrated in Figure 1. The region surrounding the detonation point is 
bounded by a ceiling and four sides. Two of the sides are formed by the beam cross-flow 
shielding jets. The other two sides are formed by horizontal jets normal to the paper in 
Figure 1. The ceiling is made up from several horizontal slab jets. The bottom is open to 
allow unrestricted direct vapor venting (Peterson, 1998). The rapid venting will greatly 
reduce the pressure driven ‘gross fluid velocity toward the vessel walls. Rapid venting 
will also reduce the vapor and “torn off” liquid debris entering the beam paths and 
tubes. In the oscillating flow HYLIFE design (Moir et al, 1994) the detonation point is 
located inside a pocket, created by the oscillating flow. As a result, less area for venting is 
available and venting time will be extended. 

Shielding and beam access 

While the open bottom is very desirable from the standpoint of venting, it does expose a 
large portion of the vessel wall below the shot point to a direct view of the detonation. 
Thus a 0.5 m thickness of Flibe must be provided to shield the metal walls. The method 
of providing this shielding is shown in Figure 2 (90 Degrees from the view in Fig. 1). The 
lower part of the vessel has a funnel shape. Flibe enters an annular flow area near the 
bottom and flows upward to an annular nozzle at the top. From this nozzle Flibe leaves 
at about 2 m/s, with a thickness of 0.5 m, and flows downward over the inner wall of the 
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vessel. Velocity of the Flibe increases due to the acceleration of gravity. Thinning of the 
Flibe thickness is negated by the funnel shape of the inner wall, where the reduction of 
flow area compensates for the increased velocity and allows a nearly constant thickness 
to be maintained. 

In Fig. 1 notches in the annular nozzle are shown that allow space for the horizontal 
ceiling nozzles and flow receiver. At the exit of the exposed ceiling flow, Flibe enters a 
receiver where the fluid can be connected to a diffuser for head recovery. In Fig. 2 a 
turning vane is shown that directs the horizontal shielding jet downward. Figure 2 also 
illustrates how the heavy ion beams enter the chamber. The vessel wall is penetrated by 
a beam tube for each beam. A vortex shielding device (House, Moir, 1999) is attached to 
the end of the beam tube to provide shielding for the tube end and inside surface. Fig. 3 is 
a top view that shows locations of all of the jets and turning vanes. The dashed lines in 
Figures 2 and 3 illustrate the space where 96 neutral beams per side, enter the vessel. For 
a portion of beams, annular flow will flow around the beam tubes. 

The shot point (Figures 1 & 2) is located 0.5 m below the ceiling flow. This location will 
not allow for gravity clearing of debris between the shot point and the ceiling flow, at 4 
and 6 Hz. Vapor blow-off is in the downward direction, this will induce downward 
velocity to the debris. Isochoric heating spa11 from the ceiling jet will have both 
downward and horizontal velocity components and will likely clear beam paths before 
the next shot. Isochoric heating spa11 from the beam cross flow shielding jets will have 
both 45 degree downward velocity and shot induced horizontal (toward the center) 
velocity. One problem to try to avoid, is having spa11 from the beam shielding streams 
meet in the center and jet in all directions in a vertical plane. Perhaps the beam shielding 
jets can be shaped or slanted to prevent a collision with spa11 from the opposing jets. The 
whole question of beam path clearing needs more analysis and design work in the 
future. 

Design considerations 

Loads on the first wall and circumferential distribution will need to be determined for 
this first wall design. The loads will be produced by the neutron isochoric heating and 
subsequent expansion of the 0.5 m liquid flowing against the wall. If the first wall were 
made flexible then the loads would be transferred to the outer wall. The outer wall can 
then be reinforced, as required, to take the loads imposed. The 0.5 m liquid thickness will 
protect the first wall from low mass, high speed debris. 

Another area that will need more thought and some experimental work is the 
interaction between the wall flow and the various shielding jets that will mesh and 
combine with it. The main concern is any thin zones in the wall shielding that might 
develop, caused by turbulence or eddies. “Splash back” toward the beam paths is to be 
avoided at all costs. 

Figure 1 illustrates the design of the bottom of the reactor vessel. Features include a 
shielding pool and a diffuser for partial Flibe head recovery. This recovery in pressure 
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will greatly reduce the electrical power needed to drive the Flibe pumps. In the HYLIFE-II 
oscillating flow mechanical design (House, 1992) head recovery efficiency was estimated 
to be 50%. 

Tables 1 and 2 list the Flibe flow rates estimated for operation at 4 and 6 Hz respectively. 
The 76.5 m3 total for 6 Hz is nearly the same as the 73.9 m3 calculated for HYLIFE-II, with 
beams from only one side (House, 1992). 

This report describes a design concept to avoid moving parts inside the vessel and allow 
for more rapid venting. Much more design, analysis, and experimental work will be 
needed to arrive at a practical design which addresses and solves the problems brought 
up. The principal goals are adequate shielding for all metal parts, beam path clearing 
between shots and increased reliability inherent in elimination of moving parts inside 
the vessel. 

This work was performed under the auspices of the U. S. Department of Energy by the 
University of California, Lawrence Livermore National Laboratory under Contract NO. 

W-7405-Eng-48. 
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Table 1. Flibe flow rates at 4 Hz 

Flow type Area (total) Velocity Q Power 
(mz> (m/s> (m3/s) ww 

Funnel 10.21 2 20.4 0.08 

Ceiling 0.5 16 8 2.05 

Side blocking 0.58 14 8.1 1.59 

Beam shielding 2.56 8 20.5 1.31 

Spray nozzles 0.1 12 1.2 

Total = 58.2 5.20 

0.17 - 

Table 2. Flibe flow rates at 6 Hz 

Flow tvpe Area (total) Q Velocity Power 
(m2> (m/s> (m3/s) w-w 

Funnel 10.21 2 20.4 0.08 

Ceiling 0.5 24 12 6.91 

Side blocking 0.58 21 12.2 5.37 

Beam shielding 2.56 12 30.7 4.42 

Spray nozzles 0.1 12 1.2 0.17 

Total = 76.5 16.95 
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